Introduction {#sec1-1}
============

**What was known?**

The abnormal expression of p53 is considered a marker of pre-malignant lesions and plays a central role in the development of SCC.

Actinic keratosis (AK) is a cutaneous neoplasm caused by prolonged sun exposure and may progress into invasive squamous cell carcinoma (SCC). SCC is the second most frequent type of skin cancer, and its incidence has increased over the last several years in all regions of the world.\[[@ref1][@ref2]\] Epidemiological data suggest that the risk factors for AK and cutaneous SCC are the same, where the strongest supporting evidence for this link is the presence of histopathological alterations in tissues with AK in epithelium adjacent to SCC.\[[@ref3]\]

In accordance with the field cancerization hypothesis, the presence of multiple AK lesions in the same patient indicates severe actinic damage to all the skin. In these cases, clinically normal skin surrounding AK lesions shows genetic alterations associated with carcinoma.\[[@ref4][@ref5]\]

The p53, a tumor suppressor protein, interrupts the cell cycle to allow the repair of damaged DNA. Mutations in the p53 gene are among the most common genetic abnormalities associated with diverse types of cancer.\[[@ref6]\] Aberrant p53 protein expression is generally considered to be an indirect indication of mutation of this gene.\[[@ref7][@ref8]\] The abnormal expression of p53 is considered a marker of pre-malignant lesions and plays a central role in the development of SCC. Chromosomal mutations in this gene are found in 90% of SCC cases and in 16.6% to 100% of AK cases.\[[@ref9][@ref10][@ref11]\]

However, to date, no study has compared the histopathology and p53 protein expression in AK tissue, SCC tissue and "normal" skin adjacent to AK with SCC and "normal" skin adjacent to AK without a tumor. Such a study could help determine the importance of the activity of the p53 protein in the progression of AK to SCC. Thus, we aimed to verify the differences in AK between these two groups, with the goal of identifying cases of AK with greater susceptibility to developing invasive SCC.

Materials and Methods {#sec1-2}
=====================

This retrospective study was conducted between 2004 and 2006 after approval from the Research Ethics Committee of the Federal University of São Paulo, Brazil. AK and SCC cases arising in photoexposed skin sites were selected from the archives of the Department of Pathology. AK cases that presented "normal" adjacent skin and AK cases adjacent to SCC with "normal" skin on the surgical margins were included. "Normal skin," photodamaged skin with no epithelial atypia, was used as the control tissue. These requirements were met in 56 cases, which were then separated into two groups: AK adjacent to SCC and AK without SCC.

Clinical study {#sec2-1}
--------------

The following data were obtained from patient registers: Age, gender, phototype, and lesion location. Patients with other risk factors for skin cancer were excluded.

Histopathology {#sec2-2}
--------------

The following aspects of the tissue sample were evaluated through the study of histology slides stained with hematoxylin--eosin:

For AK: (1) the intensity of epithelial atypia: Light, moderate or intense; (2) the location of atypia on the epidermis: Lower 1/3, lower 2/3 or the entire epidermis; (3) the intensity of solar elastosis: Light, moderate or intense; (4) the type of AK, according to histopathological classification\[[@ref12]\]: Atrophic, hypertrophic, acantholytic, pigmented, bowenoid, lichenoid, or common (the term "common" was adopted to designate a case of AK with epidermal thickness close to normal and without any distinguishing histopathological characteristics that did not fit into any cited histopathological type); and (5) the intensity of dermal inflammatory infiltrate: Light, moderate, or intense.For SCC: The degree of differentiation, according to Broders' classification:\[[@ref12]\] I, II or III, (well-, moderately or poorly differentiated, respectively). Tumors of degree IV were excluded.

Immunohistochemical study of the p53 protein: The immunoperoxidase technique and the biotin avidin-peroxidase method were used to study the p53 protein, utilizing a mouse monoclonal anti-human p53 antibody, clone D0-7 (Dako, code no. M7001, CA, USA) at a 1/30 dilution. Histopathological slides were digitized at a resolution of 0.50 μm/pixel using the ScanScope GL System™ (Aperio, Vista, CA, USA) with a Plan Apo 20x/0.75 objective lens.\[[@ref13][@ref14]\] Selected fields were analyzed using Image Lab software (Diracom Bioinformática Ltd, SP, Brazil).\[[@ref15][@ref16]\] The p53 protein expression in the sample was considered positive when the cell nucleus stained brown.\[[@ref17]\] Colon adenocarcinoma tissue was used as a positive control. Ten consecutive fields of AK, SCC and adjacent "normal" skin were selected, and a minimum of 500 cells was counted at × 200 magnification. The images obtained with the ScanScope System GL slide scanning system provided excellent staining visibility for the observer who determined the cell counts. The following parameters were evaluated in each field: (1) percentage of immunoreactive cells, according to the following semi-quantitative scale:\[[@ref15][@ref16]\] 0 = negative (\<1%), 1 = positive (1% to 25%), 2 = positive (25% to 50%) and 3 = positive (\>50%); (2) intensity of staining: Weak, moderate or intense; and (3) epidermal location of positive cells: In the basal or suprabasal layer.

The following associations between AK cases were analyzed statistically: (1) the degree of epithelial atypia was compared to the atypia location, degree of solar elastosis, intensity of dermal inflammatory infiltrate, and histopathological type; (2) clinical data and histopathological criteria were compared to the presence or absence of SCC; and (3) p53 protein expression was compared to (a) the histopathological AK type, according to the presence or absence of SCC; (b) p53 levels in adjacent "normal" skin; and c) p53 levels in SCC.

The Chi-squared test, Student\'s *t*-test, Fisher\'s exact test, and ANOVA were employed for data analysis using Minitab 15.1 statistical software. Some categories were condensed during analysis. Values of *P* \< 0.05 were considered statistically significant. Quantitative data are represented by mean ± SE.

Results {#sec1-3}
=======

Of the 56 cases of AK, 13 (23.21%) were associated with SCC. All the patients were Caucasian, with an average age of 78.3 years; 34 (60.71%) of the patients were women. The majority of lesions were located on the extremities (45%) or the head (41%). The following histopathological types were encountered: Acantholytic (4/56), atrophic (4/56), bowenoid (2/56), hypertrophic (21/56), pigmented (3/56), and common (22/56). Only the hypertrophic (5/21) and common (8/22) types presented with associated tumors. None of the clinical or histopathological criteria was correlated with the presence or absence of tumors \[[Table 1](#T1){ref-type="table"}\]. p53 immunoreactivity was observed in 78.57% of AK samples and in 38.46% of SCC samples \[[Table 2](#T2){ref-type="table"}\]. Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} illustrate examples of immunoreactivity to p53.

###### 

Summary of the associations between clinical, histopathological and immunohistochemical criteria
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###### 

Immunoexpression of the p53 protein in AK, tumor and "normal" skin
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![p53 protein expression - Strongly positive degree II squamous cell carcinoma (TU) with actinic keratosis (AK) and "normal" skin (NS) with low positivity (×50)](IJD-58-325b-g003){#F1}

![p53 protein expression - Histological slide sho wing absence of p53 immunereactivity in squamous cell carcinoma (TU) adjacent to actinic keratosis (AK) area with moderate immunereactivity (×50)](IJD-58-325b-g004){#F2}

A significant relationship was found between the presence and absence of SCC and the quantity of p53-positive cells in AK tissue. The results of a Chi-squared test showed that the prevalence of SCC was significantly greater (*P* = 0.028) in cases where the proportion of p53-positive cells in AK was less than 25% \[Tables [1](#T1){ref-type="table"} and [3](#T3){ref-type="table"} and [Figure 3](#F3){ref-type="fig"}\].

###### 

Percentage of p53 positive nuclei in AK associated or not with SCC
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![Percentage of p53 in actinic keratosis (AK), grouped according to the semi-quantitative classification](IJD-58-325b-g006){#F3}

We used Student\'s *t*-test to separately analyze hypertrophic and common AK associated with tumors. There was a significant (*P* = 0.011) decrease in p53 protein immunopositivity in cases of common AK not associated with tumors (45.41 ± 23.80; *n* = 14) in comparison with AK associated with tumors (17.03 ± 20.62; *n* = 8). However, there was no difference in the mean percentage of p53-positive cells for the hypertrophic AK group (*P* = 0.766) \[[Table 1](#T1){ref-type="table"}\].

Of the 13 SCCs, 7 were degree I, and 6 were degree II. p53 protein expression was detected in seven cases, with averages of 13.65% and 35.20% of cells staining positive for degree I and degree II cases, respectively. Staining was negative in eight tumors \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

Discussion {#sec1-4}
==========

AK produces lesions that shelter the molecular alterations that lead to SCC in the skin.\[[@ref18]\] The area affected by AK, the adjacent skin, and SCCs present typical histopathological alterations that are characteristic of sun damage. Of the 56 cases of AK studied here, 13 (23.2%) were associated with SCC. This finding demonstrates the necessity for studying suspected lesions,\[[@ref19][@ref20]\] with the goal of acquiring criteria that can facilitate the early diagnosis of invasive cancer. To achieve this goal, cases of AK that were associated with SCCs were compared to those not associated with tumors.

In terms of histopathological AK type, a predominance of common AK was noticed in 39.28% (22/56) of cases in this study, followed by hypertrophic AK in 37.50% (21/56) of cases. Only these two types of AK presented with associated SCC, in accordance with the findings of Sim *et al*.,\[[@ref21]\] who found five tumors among eight cases of hypertrophic AK. The results of this study are also in accordance with the findings of Pimentel *et al*.\[[@ref16]\] That study found a greater proportion of the same histopathological type, followed by the hypertrophic type, along with a greater frequency of SCC of the lip in cases of simple actinic cheilitis (AK of the lip would fall under the "common" type in this study).

AK with a nearly normal epithelial thickness and without histopathological characteristics allowing its classification as one specific variant was called "common."\[[@ref12][@ref22]\]

The majority of AK cases showed p53 immunoreactivity (78.57%) and presented intense staining (66.7%); the greater the intensity, the greater the percentage of immunoreactive nuclei (*P* \< 0.01) \[[Table 1](#T1){ref-type="table"}\]. Generally, these areas of intense staining are where p53 mutations are found.\[[@ref23]\]

However, there was no significant difference in the intensity of the staining based on the presence or absence of tumors. All AK histopathological types presented p53 protein immunoreactivity, with similar average percentages of stained nuclei, in agreement with the findings of Sim *et al*.,\[[@ref21]\] who found positivity in all AK types.

When comparing p53 protein immunoreactivity between cases of AK according to the presence or absence of a tumor, SCC prevalence was found to be greater in cases in which the proportion of p53-positive cells in the AK tissue was up to 25% (*P* = 0.028). In light of this unexpected finding, the histopathological types that presented with associated tumors were analyzed separately. For the hypertrophic type, there was no significant difference with respect to the percentage of p53-positive cells according to the presence or the absence of a tumor. However, in common AK, there was a significant difference (*P* = 0.011) between the percentages of p53-positive nuclei in lesions associated with SCC (8/22) and not associated with SCC (14/22), with averages of 17.0% and 45.4%, respectively. This surprising observation suggests that the low percentage of positive cells in "common" AK indicates a greater chance of progression to invasive carcinoma.

To explain how AK with no or low p53 immunoreactivity would be more likely to develop into skin SCC, the following data should be considered.

Studies have reported cases of adjacent AK and SCC, with both being either negative or positive for p53 expression. Nagano *et al*.\[[@ref24]\] showed that not only p53-positive AK can progress to SCC. Several facts cited in the literature can justify the occurrence of AK with low immunopositivity for p53 expression.

Mutations in the p53 gene in cases of AK may either inhibit the normal function of the protein or provide it with a new function, including leading it to associate with the products of oncogenes.\[[@ref25][@ref26]\] If there has been the loss of an allele\[[@ref2][@ref27][@ref28]\] or the deletion of both alleles, no p53 would be produced, and the gene would therefore lose its tumor suppression function.\[[@ref2][@ref8][@ref29][@ref30]\] However, not all mutant p53 genes are biologically identifiable, and there is a strong selective advantage for some mutation hotspots.\[[@ref31]\]

One interesting finding is the higher percentage of specific mutations caused by UV radiation in AK and exposed skin, as compared to SCC.\[[@ref32]\] However, not all UV-induced mutations are predictors of the stability of p53. On the other hand, UV radiation of non-melanoma skin cancer, particularly aggressive variants of SCC, induces mutations in the p16 gene,\[[@ref33]\] which leads to the assumption that the p16 and p53 genes are involved in two independent cutaneous carcinogenesis pathways.\[[@ref34]\] It is noteworthy that the common polymorphism at codon 72 of the p53 gene preferentially predisposes the arginine-containing allele to mutations along with the selective loss of the proline-containing allele, which could be a facilitating factor in the development of SCC in skin types I and II.\[[@ref35]\]

Another explanation for the poor expression of p53 in AK is the ability of the protein to form complexes with other proteins, such as the oncoprotein MDM2\[[@ref6][@ref36][@ref37]\] and E6, present in the high-risk *human papillomavirus* (HPV) subtypes HPV 16 and HPV 18, which can be detected in AK because the virus is involved in the etiology of AK.\[[@ref24][@ref38][@ref39]\] Such associations can inactivate the normal function of p53.

The studies cited above may explain the low p53 protein expression in AK that has developed into invasive SCC, demonstrating that this progression could have occurred due to an increased number of mutations and/or deletions. Consequently, these mutations would have had such large impacts that the ability to inhibit cellular proliferation and initiate apoptosis would be lost in the mutant cells. Progression may also occur through the participation of other genes, such as p16 and MDM2, or even due to HPV. Another surprising finding in this study was that cases of common AK with the highest percentages of p53 immunopositivity were not associated with SCC. Possible explanations for this finding are provided by several observations from previous studies, cited below.

These cases of AK may possess mutations capable of stabilizing p53 but unable to modify its function. Einspahr *et al*.\[[@ref32]\] found a higher percentage of mutations in cases of AK than in cases of SCC, which led them to conclude that not all mutations detected in AK and photodamaged skin are predisposed to malignancy.\[[@ref4][@ref40][@ref41]\] Instead, certain mutations in limited cases of AK would have selective advantages in progressing to SCC. In this study, the high percentage of immunoreactive cells in the tumors without AK may have reflected a combination of normal and mutant proteins, as reported by Kastan *et al*.\[[@ref42]\] and Shaw.\[[@ref43]\] The antibody used here (DO-7) recognizes both the normal and mutant forms of the protein.

It has been shown that normal p53 decreases the expression of the nuclear proliferation antigen Ki-67.\[[@ref44]\] However, a normal increase in the amount of p53 may be concomitant with increased cell proliferation in some tumors because p53 fails to exercise its function due to other mechanisms involved in carcinogenesis affecting p53-dependent pathways.\[[@ref45]\] Einspahr *et al*.\[[@ref32]\] suggested that p53-independent Bax apoptosis could be a means of preventing tumor development in p53 mutant cells, by inducing apoptosis even in the absence of normal p53. Consistent with the hypothesis that p53 acts as the "guardian of the genome," this immunoreactivity may be due to the induction of synthesis of normal p53 in response to the high frequency of DNA errors in proliferating tissue.\[[@ref42]\]

Jiang *et al*.\[[@ref46]\] observed mutations induced by UV radiation, but not loss of alleles, in p53 heterozygous rats. The smaller rates of SCC and AK compared to rats homozygous for p53 loss show that p53 still has a protective function after UV irradiation.\[[@ref2]\] The expression of a normal p53 gene can suppress the neoplastic phenotype; that is, the normal p53 gene is dominant over the mutated gene.

The mutations observed in AK may be different from those seen in SCC,\[[@ref47][@ref48]\] and different mutant alleles of the p53 gene may not have the same biological and biochemical properties. Therefore, the presence of some mutant genes in AK contributes to its progression into SCC in contrast with others. Therefore, it is presumed that gains in mutations may lead to transformation into SCC. This transition was probably prevented by the normal action of p53 in the studied cases of AK with high immunoreactivity for p53 and no associated SCC.

Assuming that the immunoreactivity observed in common AK in this study was a false positive, the normal protein could have accumulated due to a defect in degradation.\[[@ref29][@ref30]\] However, this interpretation is unlikely to be true because the adjacent photodamaged skin from the same patient was used as a control in all of the cases studied here.

In summary, the high percentage of p53-positive cells can be explained by the small and numerous mutations in AK that lead to greater synthesis of normal and/or mutant p53 protein with preserved function. This production would impede invasive neoplastic transformation by inhibiting proliferation and inducing apoptosis via p53-dependent or p53-independent pathways.

Another unexpected result was the observation of p53 immunopositivity in only 38.46% of tumors, with a corresponding negative rate of 61.54%. This ratio is similar to the findings of Batinac *et al*.,\[[@ref44]\] who found a p53 tumor positivity rate of 35.7%.

Similar average p53 positivity values have been noted in cases of SCC and their associated incidences of AK.\[[@ref24][@ref32][@ref49]\] Out of 13 tumors, both AK and SCC were negative for p53 in t cases, and both were positive in 4 cases. This finding demonstrates that it is unlikely that only p53-positive AK will develop into SCC.\[[@ref21][@ref24]\] The possibility remains that other genes, such as p16 and MDM2, may be involved in tumors that are negative for p53 protein expression.\[[@ref33][@ref34][@ref36]\] In 5 of 13 tumors, the AK tissue was positive, and the tumors were negative, suggesting the occurrence of additional genetic alterations, such as mutant allele loss during tumor development.\[[@ref24]\] In cases in which both the AK and the tumor were positive or negative, it is possible that the mutations necessary for tumor development had occurred before tumor invasion.\[[@ref24]\]

Considering only the 13 cases that presented tumors, p53 protein immunoreactivity in "normal" skin (9.21%), adjacent AK (22.57%) and SCC (23.61%) progressively increased from "normal" skin to cancer; however, the difference between AK and SCC was small.\[[@ref24][@ref32][@ref49]\]

In this study, it was possible to conclude the following: (1) only hypertrophic and common AK histopathological types appear to be associated with SCC; (2) there was no association between clinical and histopathological aspects in relation to the presence or the absence of SCC; (3) frequent p53 protein immunoreactivity in AK suggests that these lesions involve changes in the p53 gene; and (4) the small percentage of p53 immunopositivity in common AK suggests that this histopathological type has a high probability of developing into SCC, as compared to AK with stronger positive signals.

To evaluate the potential of AK to develop into SSC, and thereby answer the questions raised by this preliminary study, we suggest an increase in research on the topic. In addition, more information could be gathered with the quantification of p53, sequencing of the p53 gene and other oncogenes and detection of HPV in normal and tumor tissues microdissected from AK lesions. Thus, AK, p53 expression and the level and type of the gene mutation may be correlated

**What is new?**

The small percentage of p53 immunopositivity in common AK suggests that this histopathological type has a high probability of developing into SCC, as compared to AK with stronger positive signals.
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